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Background: The primary goal in critically ill patients who are mechanically ventilated is to wean from
the ventilator. Higher weaning rates have been noted in patients undergoing mechanical ventilation
following tracheostomy. The purpose of this study was to clarify the current status of tracheostomy
execution in mechanically ventilated middle-aged and elderly patients.
Methods: Patients admitted to the intensive care unit (ICU) aged 45 years, mechanically ventilated on at
least one occasion after undergoing tracheostomy, were included by using hospitalization registration
records that had been submitted to the Bureau of National Health Insurance between March 2004 and
February 2009. We analyzed the current status of tracheostomy execution and the risk factors for
mortality.
Results: We enrolled a total of 453,939 patients ever using ventilators, with 29,128 of them (20,059 men
and 9069 women) undergoing tracheostomies. The tracheostomy rate was 6.4% among patients who
were mechanically ventilated. The mean age was 72 years. The mean RW value was 4.78. The mean ICU
days, total hospital days, ventilator days, and mortality rate were highest in patients aged  75 years,
followed by patients aged 65e74 years. The medical expenses were highest in patients aged 65e74 years,
followed by those aged  75 years. The tracheostomy rate showed the strongest decline in patients aged
 75 years, followed by patients aged 65e74 years. Sex, age, hospital level, the duration of mechanical
ventilation, and medical and antibiotic expenses were identiﬁed as risk factors for mortality (p< 0.001).
Conclusions: This study demonstrated that the utilization of medical resources and the decline in the
number of tracheostomies performed were higher in patients aged  65 compared to patients under 65.
Copyright  2012, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. All rights reserved.1. Introduction
Due to the increased population of aging individuals and the
increasing of complexities of diseases in this group, more middle-erest.
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iwan Society of Geriatric Emergenaged and elderly patients with acute and critical illness have to
use ventilators. However, ventilator use may result in many
potential complications, including tracheal stenosis and an
increased rate of infections1,2. Therefore, weaning from ventilators
should be a primary goal for patients once their clinical condition
improves. Clinical surveys revealed that tracheostomy could
decrease airway obstruction, enhance sputum clearance, and
relieve laryngeal edema3e8. Several studies showed that patients
who underwent tracheostomy have higher ventilator weaning
rates, lower hospital mortality rates, and shorter ICU stays9e14. In
addition, patients who received tracheostomy at early stages have
better outcomes, including lower infection rates, fewer complica-
tions, and a lower degree of unnecessary utilization of medical
resources, as compared to patients who underwent tracheostomy
at late stages15e18.cy & Critical Care Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
Table 1
Baseline characteristics of the patients receiving ventilators and tracheostomies.
Variable Ventilators Ventilators and tracheostomies
Patients 453,939 29,128
Age, yr 71 12 72 13
Sex
Male 285,221 (62.8%) 20,059 (68.9%)
Female 168,718 (37.2%) 9069 (31.1%)
Relative weight 2.81 2.16 4.78 1.55
Data are presented as mean standard deviation or n (%).
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using ventilators11,12, which may impair dignity and body image.
Patients also have to overcome cosmetic changes and language
rehabilitation19. If communication with a patient’s family lacks
clear statement and instruction, the tracheostomy may be rejected.
Therefore, providing detailed clinical data for patients and their
families represents a crucial factor in deciding whether to undergo
tracheostomy.
Human life has been prolonged with technological advances in
medicine, and the elderly population has increased rapidly. The
World Health Organization (WHO) classiﬁes the elderly population
into the young-old (65e74 years) and the old-old ( 75 years)
groups. The objective of this study was to examine the current
status of middle-aged and elderly patients from Taiwan using
ventilators following tracheostomy and to forecast their mortality
risk factors.
2. Materials and methods
2.1. Study design and patient selection
The data for the current study were collected retrospectively
from hospitalization registration records submitted to the Bureau
of National Health Insurance (NHI) between March 1, 2004, and
February 28, 2009. All study subjects weremiddle-aged and elderly
patients ( 45 years) admitted to the intensive care unit (ICU) and
receiving endotracheal intubation and mechanical ventilation
(insurance registration code: 57001B) and tracheostomies (insur-
ance registration code: 56003C). Sex, relative weight (RW), hospital
level, length of ICU stay, length of hospital stay, number of venti-
lator days, hospital mortality rates, and medical and antibiotic
expenses were evaluated to predict the risk factors for mortality.
2.2. Measurements and variables
The patients were divided into four age groups: 45e54 years,
55e64 years, 65e74 years, and  75 years. The study periods were
divided by year into ﬁve groups: 2004 (from March 1), 2005, 2006,
2007, and 2008 (to February 28, 2009). The hospital levels were
classiﬁed as medical center, regional hospital, or district hospital,
according to the ranking of their accreditation.
Mortality rate was the dependent variable in our study. The
deﬁnition of “mortality” included the codebook of NHI data bank
marking as “4: died” and “A: discharged with critical illness”
combined with termination of health insurance within 30 days
after the date of hospital discharge, with consideration to Taiwa-
nese tradition and abiding the Household Registration Ofﬁce
regulation that registration of death should be accomplished
within 30 days20. The RW value for both independent variables was
calculated in accordance with the Taiwan Diagnosis Related Groups
(Tw-DRG) version 3.2.
RW is a weight value given by each DRG according to the level
of resource utilization. DRG classiﬁcation was performed based on
the level of medical consumption (treatments and interventions),
and included factors such as age, sex, discharge status, compli-
cations/comorbidities, special procedures, and principal diagnosis.
Generally, the value of RW rises as the illness becomes more
severe. The development of Tw-DRG was based on the logic
behind the DRG classiﬁcation used in the United States for
Medicare and Medicaid, and was modiﬁed to be suitable for the
characteristics of medical behaviors in Taiwan. For calculating
antibiotic-related expenses, all antibiotics were divided into two
groups, ﬁrst- and second-line compounds. First-line antibiotics
have pharmacology classiﬁcation codes starting with 0812 as the
ﬁrst four numbers, and were found on the list of commonly usedﬁrst-line NHI antimicrobial agents; second-line antibiotics have
pharmacology classiﬁcation codes that start with 0812 and were
not found on the list of ﬁrst-line antimicrobial agents used at the
NHI.2.3. Statistical analyses
Access 2007, SAS (statistics analysis system), and SPSS for
Windows, version 17.0 (Chicago, Illinois, USA) were used in this
study for data conversion and analysis. Descriptive statistics, chi-
square, one-way analysis of variance (ANOVA), and post hoc tests
by Bonferroni adjustment were used to analyze the characteristics
and the results of tracheostomy performed in middle-aged and
elderly patients using ventilators. Multiple logistic regression
analysis (backward stepwise elimination) was used to predict the
risk factors that inﬂuenced mortality in patients on mechanical
ventilation following tracheostomy.3. Results
The study identiﬁed 453,939 middle-aged and elderly patients
who had been placed on ventilators. Of these, a total of 29,128
(6.4%) received tracheostomies, among them 68.9% of male and
31.1% of female). The average RW value was 2.81 for patients on
ventilators and 4.78 for patients on ventilators following trache-
ostomy (Table 1). Most of the patients receiving mechanical
ventilation and tracheotomy (48.9%) were the oldest patients ( 75
years old), followed by patients aged 65e74 (22.5%), 55e64 (14.7%),
and 45e54 (13.9 %) (Table 2). The RW values were signiﬁcantly
higher in patients aged  75 years as compared to patients aged
55e64 years (p< 0.05). The number of patients was highest in
medical centers (13,506), followed by regional hospitals (11,296)
and district hospitals (4326). Patients aged 75 had the longest ICU
stays (28.6 days), hospital stays (48.6 days), and ventilator days (34
days) (p< 0.001). Patients aged  75 years also had the highest
hospital mortality rates (22%), and were followed by patients aged
65e74 years (15.9%) and 45e54 years (11.7%). Patients aged 65e74
years had the highest medical expenses, while patients aged 45e54
years spent the least on medical expenses (579,622 vs. 508,958
NTD). Patients aged 45e54 years spent the most on antibiotics,
while patients aged  75 years spent the least (115,065 vs. 85,659
NTD).
When tracheostomies performed in patients with ventilators
were stratiﬁed by age between 2004 and 2008 (Table 3), the rate of
performing a tracheostomy was found to be slightly higher only in
critically ill patients aged 45e54 years (2008 vs. 2004, 0.1%
increase). Other age groups demonstrated a downward trend, with
a 1.2% decrease in the 55e64-year-old group, a 2.3% decrease in the
65e74-year-old group, and a 3.4% decrease in patients aged  75.
The mortality risk factors for patients using ventilators who
received a tracheostomy were found to be: sex [male vs. female:
odds ratio (OR), 1.21, p< 0.001]; age (55e64 years vs. 45e54 years:
OR, 1.2, p< 0.05; 65e74 years and  75 years vs. 45e54 years: OR,
Table 2
Outcome of patients receiving mechanical ventilation with tracheostomy stratiﬁed by age.
Age, y 45e54 55e64 65e74  75
Patients 4047 (13.9) 4289 (14.7) 6546 (22.5) 14,246 (48.9)
Sex
Male 3335 (82.4) 3108 (72.5) 4118 (62.9) 9498 (66.7)
Female 712 (17.6) 1181 (27.5) 2428 (37.1) 4748 (33.3)
Relative weight 4.79 2.17 4.70 1.85d 4.79 1.58 4.80 1.33b
Hospital level
Medical center 2453 (60.6) 2327 (54.3) 3034 (46.3) 5692 (40.0)
Regional hospital 1367 (33.8) 603 (37.4) 2662 (40.7) 5664 (39.8)
District hospital 227 (5.6) 359 (8.4) 850 (13.0) 2890 (20.3)
Intensive care unit duration (d) 16.7 18.2b,c,d 21.4 20.6a,c,d 26.2 21.6a,b,d 28.6 20.9a,b,c
Hospital duration (d) 37.0 24.9b,c,d 40.9 28.7a,c,d 45.7 31.6a,b,d 48.6 32.4a,b,c
MV duration (d) 16.5 20.0b,c,d 22.2 24.0a,c,d 28.3 25.3a,b,d 34.0 26.7a,b,c
Hospital mortality 475 (11.7) 613 (14.3) 1042 (15.9) 3127 (22.0)
Medical expenses (NTD) 508,958 431,432b,c,d 551,062 456,150a,c 579,622 462,990a,b 565,678 432,263a
Antibiotic expenses (NTD) 115,065 113,115b,c,d 107,745 112,607a,c,d 94,570 101,011a,b,d 85,659 94,028a,b,c
One-way ANOVA test, post hoc tests (Bonferroni). Data are presented as mean standard deviation or n (%). NTD: New Taiwan Dollars.
a Compared to 45-54.
b Compared to 55-64.
c Compared to 65-74.
d Compared to 75. P< 0.05 or P< 0.001.
Y.-C. Chung et al.721.37, 1.93, p< 0.001); hospital level (regional hospital and district
hospital vs. medical center: OR, 0.87, 1.24, p< 0.001); ICU days (OR,
0.99, p< 0.05); ventilator days (OR, 1.01, p< 0.001); cost (*104NTD,
OR, 1.01, p< 0.001); and antibiotic cost (*104NTD, OR, 0.99,
p< 0.001; Table 4).
4. Discussion
In this study, we documented the current status of middle-aged
and elderly patients using ventilators following tracheostomy. The
RW value was 2.81 in patients who were only on ventilators, and
increased up to 4.78 in patients who, in addition, underwent
tracheostomy. In the DRG classiﬁcation system, illness severity is
directly measured by principal diagnosis, complications, and
comorbidity. The deﬁnition of illness severity is the level of func-
tion loss and mortality risk caused by the disease. This could be
indicative of medical resource utilization and treatment effective-
ness21. Thus, patients who were on ventilators and also underwent
tracheostomy consumed more medical resources than those who
only were on ventilators. In this study, we did not compare the
medical resource consumption between patients who should have,
but did not receive a tracheostomy and those who did receive
a tracheostomy, a topic that may be worth pursuing in the future.
According to other studies, tracheostomies, when performed at
early stages, might increase ventilator weaning rates and lower
medical resource consumption22e24. Currently, under the global
budget system of the NHI, it is important to provide adequate
evidence to support the efﬁcacy of tracheostomy in patients with
ventilator use, and demonstrate its beneﬁts at an early stage, which
would be advantageous in strengthening the quality of care and in
saving medical expenses.Table 3
Ratio of patients with ventilators receiving tracheostomies in 2004e2008.
Yr 2004 2005 2006
Age T/V % T/V % T/V
45e54 606/9359 6.5 808/11,790 6.9 861/12,285
55e64 699/10,910 6.4 940/13,707 6.9 906/14,047
65e74 1335/18,880 7.1 1511/22,758 6.6 1335/21,987
75 2711/31,764 8.5 3320/41,837 7.9 2838/41,908
T: Number of tracheostomies; V: Number of patients using ventilators.
Year: 2004 (from March 1, 2004, to February 28, 2005), 2005, 2006, 2007, and 2008 (toWhen stratiﬁed by age, this study showed that the number of
patients aged  75 years who received tracheostomies was
signiﬁcantly higher than the number of patients in the other age
subgroups. The tracheostomy rate in women 45e54 years old was
signiﬁcantly lower than in patients aged  75 years (17.6% vs.
33.3%). It was rationalized that female patients aged 45e54 years
using ventilators, as well as their families, valued the issue of body
impairment and appearance more than female patients aged  75
years19,22.
At the level of hospital type, tracheostomy rates in medical
centers (46.4%) were higher than in regional hospitals (38.8%) and
district hospitals (14.9%). This might be due to the type of medical
care receiveddfor example, acute, critical patients in medical
centers or regional hospitals versus chronic patients in district
hospitals. Interestingly, younger patients aged 45e54 years from
medical centers had signiﬁcantly higher tracheostomy rates than
patients in other age groups. This is considered that younger
patients usually receive more aggressive treatments, including
tracheostomies. On the other hand, younger patients aged 45e54
years in district hospitals had signiﬁcantly lower tracheostomy
rates than patients in other age groups, which might be related to
the fact that patients visiting district hospitals tend to have chronic
rather than acute diseases.
The RW value of patients aged 55e64 years was slightly lower
than in patients aged  75 years, and no signiﬁcant differences
existed with other age groups. However, ICU days, total hospital
days, ventilator days, and hospital mortality rates showed a trend of
increasing with age. Increasing age was identiﬁed as one of the
statistically signiﬁcant risk factors for mortality (p< 0.001). This
suggests a possible increase of medical resource consumption and
mortality rates with age. With regard to medical expenses, patients2007 2008 2008 vs. 2004
% T/V % T/V % Change %
7.0 816/12,405 6.6 956/14,542 6.6 0.1
6.4 807/14,453 5.6 937/17,869 5.2 1.2
6.1 1166/22,145 5.3 1199/25,364 4.7 2.3
6.8 2686/43,777 6.1 2691/52,152 5.2 3.4
February 28, 2009).
Table 4
Predicting factors of mortality of patients using ventilator with tracheostomy.
Variable Crude OR (95%CI) p value Adjusted OR (95%CI) p value
Sex
Male vs. Female 1.10 (1.03w 1.17) <0.05 1.21 (1.13w 1.29) <0.001
Relative weight 0.98 (0.96w 1.00) 0.06
Age level
55e64 vs. 45e54 1.25 (1.10w 1.43) <0.05 1.20 (1.05w 1.37) <0.05
65e74 vs. 45e54 1.42 (1.27w 1.60) <0.001 1.37 (1.21w 1.54) <0.001
75 vs. 45e54 2.11 (1.91w 2.35) <0.001 1.93 (1.73w 2.17) <0.001
Hospital level
RH vs. MC 0.88 (0.83w 0.95) <0.001 0.87 (0.81w 0.94) <0.001
DH vs. MC 1.30 (1.19w 1.41) <0.001 1.24 (1.14w 1.36) <0.001
ICU duration 1.01 (1.00w 1.02) <0.001 0.99 (0.99w 1.00) <0.05
MV duration 1.01 (1.00w 1.02) <0.001 1.01 (1.00w 1.01) <0.001
Hospital expense (104 NTD) 1.01 (1.00w 1.02) <0.001 1.01 (1.00w 1.01) <0.001
Antibiotics expense (104 NTD) 0.99 (0.98w 1.00) <0.05 0.99 (0.98w 0.99) <0.001
Multiple Logistic Regression Analysis; Backward Stepwise Elimination.
CI¼ conﬁdence interval; DH¼ district hospital; ICU¼ intensive care unit; MC¼medical center; MV¼mechanical ventilation; NTD¼ new Taiwan Dollars; OR¼ odds ratio;
RH¼ regional hospital.
Ventilators and Tracheostomies in Taiwan 73in the 45e54-year-old group spent less than other age groups
(p< 0.001). This might be due to their shorter hospital stays and
ventilator days, resulting from more aggressive treatments and the
better quality of care they received inmedical centers. Interestingly,
antibiotic expenditure was higher in patients aged 45e54 years
than in other age groups, and it showed a declining trend with
increasing age. It is inferred that more elderly and chronic patients
in district hospitals received less aggressive treatments, and this
included a lower level of antibiotic use.
The integrated delivery system (IDS) was initiated in 2000 by
the Bureau of the NHI and intended to improve the effective utili-
zation of medical resources for ventilator-dependent patients, by
dividing the care system to four stages: ICU, respiratory care centers
(RCC), respiratory care wards (RCW), and home care. Most of ICUs
and RCCs are located in medical centers or regional hospitals, while
RCWs are usually in district hospitals. The risk of mortality in
patients who underwent tracheostomy in district hospitals was
1.24 times higher than in patients from medical centers. Therefore,
if IDS could be properly applied, patients with severe illnesses could
be transferred from district hospitals to medical centers, and then
sent back to district hospital after becoming stabilized. We believe
that this would help shorten hospital stays, decrease medical
expenses, and improve the overall quality of care.
Across the globe, hospice palliative care is nowa common health
care trend for patients with terminal, incurable, and untreatable
critical illnesses. It provides patients with supportive treatment for
pain control and symptom relief, and eases their psychological,
social, and spiritual problems. This is a new mode of health care
that lessens unnecessary suffering and helps patients’ physical and
mental pain. Our study showed a trend of declining tracheostomy
rates in all age groups except for the 45e54-year-old group.
Patients aged  75 years had the biggest range of decline (3.4%).
This is probably due to the Hospice Palliative Care Bill passed by the
Legislative Yuan of Taiwan in 2000 and executed in 200125, and the
promotion of the do not resuscitate (DNR) policy by the Depart-
ment of Health26.
In our retrospectively collected data from the NHI records,
certain items might unavoidably be missing because of the diver-
sity in registration procedures and data processing across different
hospitals. Several limitations of the current study exist. First, the
index of disease severity that is commonly used in clinical practice,
such as the Acute Physiology and Chronic Health Evaluation
(APACHE) II Score and laboratory tests (e.g., serum creatinine,
albumin) could not be collected and analyzed. Second, the timing of
tracheostomy was not recorded and, therefore, predicting whetherearly tracheostomy results in a better outcome, and the best timing
for performing the procedure, could not be evaluated. Third, the
dates of initiating and terminating ventilator support were not
available, making it difﬁcult to measure weaning rates, which
represented one of the important quality indicators. Fourth, the
inﬂuence that hospice palliative care and DNR exerted on medical
expenses could not be quantitated due to the lack of available data
in the NHI data bank. Further studies are needed to identify the
effects that hospice palliative care and DNR have on medical
expenditure savings.
5. Conclusions
The utilization of more medical resources and higher mortality
rates, but declining trends in performing tracheostomy were noted
in mechanically ventilated patients aged  65 years who under-
went tracheostomies.
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